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(11) Japanese Unexamined Patent Application Publication No. 
61-230101 

(43) Publication Date: October 14, 1986 

(21) Application No. 60-71614 

(22) Application Date: April 4, 1985 
(72) Inventors: Yoshiharu 5AKAKI et al. 
(71) Applicant: Seiko Epson Corp', 

SPECIFICATION 

1. Title cjf the Invention: COLOR FILTER 

2 . Claim [ . 

A color filter comprising: 

a) a transparent organic substance film colored with a 
dye, wherein: 

b) said colored portions are arranged in a fine and 
rectangular shape such as line stripes or a rectangle; 

c) fine and regular transparent or translucent portions 
are provided between the individual colored portions or in 
such portions; and 

d) said transparent or translucent portions have an 

area 10 to!- 50% of that of the colored portions. 

i 

3. Detailed Description of the Invention 
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[Technical ..Field of the Invention] 

The prlesent invention relates to the structure of a 
color filtir comprising a transparent organic substance film 
colored with a dye. 
[Summary of the Invention] 

The present invention provides a color filter 
comprising \ a transparent organic substance film colored with 
a dye, wherein the entire filter is made brighter without 
causing deterioration of the lightf astness, by providing 
transparent or translucent portions. 
[Description of the Related Art] 

A color filter made of a transparent organic substance 
film colored with a dye is widely employed in many fields 
since it is relatively cheap in cost and has excellent 
optical properties. For example, colored gelatin filters 
are commoniy applied in photographic and image areas 
including cameras and video recorders for the purpose of 
color temperature correction, or cutting infrared rays, 
ultraviolet rays or visible rays. 

Color 'filters known as dyeing-process color filters 

i 

prepared by forming an organic substance film such as 
gelatin, casein or glue into line stripes or rectangles on a 
transparent substrate such as glass (hereinafter referred to 
as patterns) , and separately dying these patterns regularly 
in any of the three primary colors including red, green and 
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blue by dyes are popularly used as color separating filters 
for color imaging apparatuses, like interference filters. 

More recently, furthermore, application of this dyeing- 
process color filter has been industrialized as a liquid 
crystal full-color display in combination with the progress 
of the liquid crystal display and is becoming more popular. 

As compared with the color filters based on the other 
processes (for example, the printing process) proposed for 
liquid crystal full-color display, the dyeing process color 
filter has > higher pattern forming accuracy. Since the 
dyeing-process color filter is based on direct dyeing with 
an organic; dye having a high chroma, it has more excellent 
optical properties than the color filter of the other 
processes ifor example, the printing-process, the photo- 
film-process, and the electro-depositing-process filters) . 

Typical structures of the liquid crystal full-color 
display using the dyeing-process color filter are 
illustrated in rigs. 2(a) and 2(b). Fig. 2(a) is a plan 
view, and tig. 2 (b) is a sectional view of this plan view 
cut along the line A- A' . This structure is an example in a 

■ i 

thin-film transistor (hereinafter abbreviated as "TFT") 
liquid crystal display. 

In Figs. 2(a) and 2(b), reference numerals 1 to 3 are 
color filtjer patterns separately dyed in red, green and blue, 
respectively. The patterns have a size equal to the pixel 
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pitch for both length and width, leaving no gap between 
patterns. Boundaries of the red patterns 1> the green 
patterns 2 |and the blue patterns 3 are arranged so as to 
paSS through the center of the source line 4 on the TFT 
substrate side and the gate line 5 (not shown in Fig. 2(b)), 
and the patterns 1 to 3 of the individual colors, are 
arranged just above the transparent pixel electrodes 6 and 
6 ' . 

This liquid crystal display performs display in an 
ordinary twisted nematic mode. For example, when displaying 
red, in Fi£. 2(b), transmission of a signal to the 
transparent pixel electrode 6 facing the green pattern 2 and 
the blue pkttern 3 causes a voltage to be impressed onto a 
liquid crystal material 6 held by a transparent common 
electrode 7 on the color filter. This cuts the white light 
9, resulting in display of black. On the other hand, since 
no signal is sent to the transparent pixel electrode 6* 
facing thej red pattern 1, that portion of the liquid crystal 
material 6; allows the white light 9 to pass through, and the 
white light passing through the red pattern causes the 
display to'; look red. In Fig. 2(b), reference numerals 10 
and 11 represent a polarizer and an analyzer, respectively, 
and 12 and 13 represent glass substrates. 

In thja liquid crystal full-color display, as described 
above, the;' white light from the back is not fully utilized 
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for three reasons that a polarizing plate is employed, that 
the white light is separately analyzed through a color 
filter, and that the transmitting light is controlled by 
means of the liquid crystal serving as a shutter. The 
screen is therefore rather dark. 

in the dyeing-process color filter for the liquid 
crystal full-color display, therefore, it was the usual 
practice to dye it bright, i.e., to thinly dye it. 
Conceivable methods for bright dyeing include reducing the 
thickness 6£ the transparent organic film, reducing the 
dyeing period, decreasing the dyeing bath temperature, and 
reducing the dye concentration of the dyeing bath. 
[Problems to be Solved by the Invention and the Object of 
the Invention] 

However, the dyeing-process color filter dyed bright as 
described above has a defect of being susceptible to 
deterioration caused by light, i.e., of a low lightf astness . 

Fig. 3 illustrates spectral characteristics of the 
green pattern of a conventional thin-dyed dyeing-process 
color filter. The high transmissivity of the peak of the 
initial value of 14 results in a bright color filter. 
However, the value of 15 after a sunlight exposure test (for 
about ten days) is expressed as a considerable rise of the 
right and jleft base lines, and as a result, the color is 
brighter to the naked eye, looking rather dark and dull. 
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The prksent invention was developed to solve this 
problem aid has an object to provide a bright-colored 
dyeing-process color filter suitable for a liquid crystal 
full-color 'display without causing deterioration of . 
lightf astness . 

[Means for ; Solving the Problems] 

The color filter of the present invention comprises: 

a) a transparent organic substance film colored with a 

dye, wherein: 

b) the colored portions are arranged in a fine and 
regular shape such as aline stripes or a rectangle; 

c) fine and regular transparent or translucent portions 
are provided between the individual colored portions or in 

such portions; and 

d) the transparent or translucent portions have an area 
from 10 to' 50% of that of the colored portions. 

the area of the transparent portions in the present 
invention is from 10 to 50%, or preferably from 15 to 40%, 
or most preferably, from 20 to 30% of that of the colored 

portions. 
[Operation] 

Prior; to presenting embodiments of the present 
invention,; the principle thereof will be described. Fig. 4 
illustrates spectral characteristics of a dyeing-process 
color filter ordinarily dyed (i.e., dyed thicker than the 
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thin-dyed color filter for a liquid crystal full-color 
display). Since this dyeing-process color filter is dyed 
thicker than the color filter having the spectral 
characteristics shown in Fig. 3, the base line of the 
initial value 16- sufficiently decreases to 0%. As a result, 
the increase in the base line beyond 0% under the effect of 
sunlight exposure requires a longer period of time, and 
almost no change is caused in the spectral, characteristics 
as shown by the value 17' after the sunlight exposure test. 
It is needless to mention that this color filter, being dark, 
is almost inapplicable for a liquid crystal full-color 
display. 

As shown in Fig. 5, therefore, in the dyeing-process 
color filter of the present invention, the light leaks 
through th4 gaps between the individual patterns or from the 
transparent and translucent portions provided therein. The 
initial value 16 therefore rises over that 16' shown in Fig. 
4 by several % over the entire waveform regions. The extent 
of this rise can be controlled and a brightness equivalent 
to that of the conventional thin-dyed dyeing-process color 
filter shown in Fig. 3 can be achieved by appropriately 
selecting &n area of the transparent portions. 

More Specifically, availability was confirmed of a 
brightness; equivalent to that of a thin-dyed color filter by 
selecting jan area of the transparent portions from 10 to 50% 
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of the are J of the colored portions (patterns) . In other 
words, with' an area smaller than 10%, a sufficient effect of 
the present invention is unavailable, and an area over 50% 
leads to an 1 excessive brightness resulting in a serious 
decrease in chroma. 

Since the patterns and the transparent portions take a 
fine and regular shape such as line stripes, a rectangle, a 
triangle or a circle, the individual portions are invisible. 
The "fine" size as used herein means several hundred fjm or 
smeller. 

If the color filter of the present invention shown in 
Fig. 5 is dyed into the same thickness as that of the color 
filter shown in Fig. 4, the lightf astness thereof exhibits 
quite the same behavior as 17' in Fig. 4 as represented by 
the value 17 after the sunlight exposure test (ten days)/ 
showing almost no change in the spectral characteristics. 
[Embodiments] 
Embodiment; 1 

A case where the present invention is applied to a TFT 
liquid crystal display cited in the section "Related Art" 
will be described as the first embodiment. 

Fig. 1(a) is a plan view of the pattern of the color 
filter: patterns 1 to 3 of the individual colors prepared by 
coloring gelatin with dyes in substantially in agreement 
with the shape of the transparent pixel electrode. This 
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shape, although not a simple one such as a rectangle or a 
triangle/ is fine and regularly arranged so that it is never 
visible to i the naked eye. The pattern in this embodiment 
has a size 'of about 150 um. The transparent portions 18 
occupy the 'spaces between the patterns, and in this 
embodiment; the ares thereof is about 25% of that of the 
colored portions (total of the areas of the patterns 1 to 3 
of the individual colors) . This percentage is within the 
most preferable range of area ratios. 

The spectral characteristics shown in Fig. 5 are those 
of this embodiment; the color filter is sufficiently bright 
(initial values 16), and it exhibits almost no deterioration 
even after, the sunlight exposure test ,17. 

Fig. 1 (b) is a plan view of a TFT liquid crystal 
display incorporating the color filter of this embodiment. 
The patterns 1 to 3 of the individual colors are tightly in 
alignment with the shape of the transparent pixel electrode 
6. By doing so, on]y the portions for which the liquid 
crystal serves as a shutter are colored, leading to a higher 
efficiency!. 

The transparent portions 18 of the color filter are 
arranged on the source line 4 and the transistor portion 19 
so that the white light (not shown) having passed 
therethrough forms the elevated part of the base line of the 
spectral characteristics in Fig. S mentioned above and 
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serves to brighten the entire color filter. Because an area 
ratio of tke transparent portions 18 is the optimum * 
condition, [this TFT liquid crystal full-color display gives 
sufficient brightness and chroma. Particularly, this is 

i * 

effective when using introduced external light such as the 

i 

sunlight as the white light. 

Fig. lie) is a sectional view of the plan view Fig. 
Kb) cut along the ] ine A-A' . Members positioned above and 
below the transparent portions 18 (the polarizer 10, the 
glass substrates 12 and 13, the source line 4, the liquid 
crystal material 8, the transparent common electrode 7, and 
the analyzer 11) are transparent or colorless and 
translucent to allow effective transmission of the white 
light 9. 

The manner of screen display of the TFT liquid crystal 

i 

display of '; this embodiment is the same as in the 
conventional art. 

Embodiment'! 2 

i 

A second embodiment is illustrated, in Fig. 6. The 
transparent portions 18 in this embodiment have an area 
about 11% of that of the colored portions, which falls under 
the range of lower limit area in the present invention. 
This is dairker than in the first embodiment, with however a 
chroma so 'much higher. If an artificial illumination such 
as a fluorescent lamp is used as the white light, a rather 



deceived at: 5': 45AM, 4/20/2004 

' ' , 04*04fl20Btt)18«52*Jffi:*OLIFF 



I 



R : 6 4 S P. 12 



- 11 - 



bright white light is freely available. Therefore, there is 
no problem even when the color filter is somewhat dark. 
Embodiment '3 

A third embodiment in which the area ratio is within 
the range of upper limit area ratios , is illustrated in Fig. 
7. in this embodiment, the transparent portions 18 account 
for about 48% of the colored portions. The filter is far 
brighter than that of the first embodiment, and is suitable 
for a case : where relatively dark external light such as 
indoor light is employed as the white light. 
Embodiment'^ 

A fourth embodiment in which the transparent portions 
18 are provided in the color patterns 1 to 3 is illustrated 
in Fig. 8.- in this embodiment, the transparent portions 18 
account for about 16% of the colored portions, and this 
provides the same effect as in the case where the 
transparent portions are arranged between the color patterns, 
Other embodiments 

It is i not always necessary that the color filter of the 
present invention is a three-color filter as in the four 
embodiments described above. The present invention is also 
applicable' to a color filter of a single color, two colors 
or four or' more colors, with quite the same effect as that 
available for the three-color filter. 

The color filter of the present invention is applicable 
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not only to a TFT liquid crystal display, but also to a 
conciliation with a liquid crystal display based on the 
application of diode properties such as MIM (metal-insulated 
metal), a multiplexing liquid crystal display, a solid 

imaging element, or an image pickup tube. 

The present invention is effective not only .in a 

combination with any of these devices, but also when using 

the same as a simple color filter. 

[Advantages] 

According to the present invention, as described above, 
there is provided an advantage of making an entire color 
filter brighter for the light passing through the 
transparent portions without causing deterioration of the 
lightfastness by arranging colored portions (patterns) of a 
fine and regular shape and arranging fine and regular 
transparent or translucent portions therein or therebetween, 
without changing thickness of dyeing. 

i 

4. Brief Description of the. Drawings 

Fig. 1(a) is a plan view of patterns of the dyeing- 
process co;Lor filter of a first embodiment of the present 
invention,-; Fig. Kb) is a plan view of a TFT liquid crystal 
full-color| display using the above-mentioned color filter; 
and Fig. li(c) is a sectional view thereof; 

Fig. k(a) is a plan view of a TFT liquid crystal full- 
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color display using a conventional dyeing-process color 
filter; and Fig. 2(b) is a sectional view thereof; 

Fig. 3': is a graph illustrating spectral characteristics 
of a conventional thin-dyed dyeing-process color filter; 

Fig. 4' is a graph showing spectral characteristics of 
an ordinarily dyed dyeing-process color filter; 

Fig. 5 is a graph of spectral characteristics of the 
dyeing-process color filter of the present invention; 

Fig. 6 is a plan view of patterns of the dyeing-process 
color filter of the second embodiment of the present 
invention; ' 

Fig- 7 is a plan view of patterns of the color filter 
of the third embodiment of the present invention; and 

Fig. 8 is a plan view of patterns of the color filter 
of the fourth embodiment of the present invention. 
1 : Red pattern 
2: Green 'pattern 
3: Blue pattern 

16: Initial value (of spectral characteristics) 

17: Value after sunlight exposure test (of spectral 

characteristics) 

18; Transparent portions 

Applicant:' Suwa Seicosha Co.; Ltd. 
Agent: Patent Attorney , Tsutomu MOGAMI 
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FIG. 1(a) ', 

PLAN VIEW OF PATTERNS OF DYEING- PROCESS COLOR FILTER 
1: RED PATTERN 

2 : GREEN '.PATTERN . 

i 

3s BLUE PATTERN 

18: TRANSPARENT PORTION ■ 

I 

FIG. Kb) { 

PLAN VIEW OF TFT LIQUID CRYSTAL FULL-COLOR DISPLAY 
USING DYEING- FRGCE3K COLOR FILTER 

i 

1: RED PATTERN 

2: GREEN I PATTERN 

i 

3: BLUE PATTERN 

18: TRANSPARENT PORTION 

i 

FIG. 1(c) j 

SECTIONAL VIEW OF TFT LIQUID CRYSTAL FULL-COLOR DISPLAY 
USING DYEING- PROCESS COLOR FILTER 

i 
i 

1: RED PATTERN 

2 ; GREEN"; PATTERN 

3: BLUE PATTERN 

16: TRANSPARENT PORTION 

FIG. 2(a) \ 

PLAN i^lEW OF TFT LIQUID CRYSTAL FULL-COLOR DISPLAY 

i ' 

I 
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i 

USING CONVENTIONAL DYEING- PROCESS COLOR FILTER 
FIG. 2(b) ': 

SECTIONAL VIEW OF TFT LIQUID CRYSTAL FULL-COLOR DISPLAY 
USING CONVENTIONAL DYEING- PROCESS COLOR FILTER 

FIG. 3 

GRAPH ,OF SPECTRAL CHARACTERISTICS OF CONVENTIONAL THIN- 
DYED DYEING- PROCESS COLOR FILTER 

(1) TRANSMISSIVITY (%) 

(2) WAVELENGTH X. (nm) 

FIG. 4 , 

GRAPH OF SPECTRAL CHARACTERISTICS OF ORDINARILY DYED 
DYEING-PROCESS COLOR FILTER 

(1) TRANSMISSIVITY (%) 

(2) WAVELENGTH \ (nm) 

FIG. 5 

GRAPH; OF SPECTRAL CHARACTERISTICS OF DYEING-PROCESS 

COLOR FILTER 

(1) TRANSMISSIVITY (%} 

(2) WAVELENGTH X (nm) 

17: VALUE ■ AFTER SUNLIGHT EXPOSURE TEST 
16: INITIAL VALUE 
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FIG. 6 

PLAN VIEW OF PATTERNS OF DYEING- PROCESS COLOR FILTER 
1: RED PATTERN 

2: GREEN PATTERN 

3: BLUE PATTERN 

18: TRANSPARENT PORTION 

i 

i * 

FIG. 7 

PLAN VIEW OF PATTERNS OF DYEING- PROCESS COLOR FILTER 
1; REP PATTERN 
2 : GREEN :PATTERN 
3: BLUE PATTERN 
18: TRANSPARENT PORTION 

FIG* 8 

PLAN VIEW OF PATTERNS OF DYEING- PROCESS COLOR FILTER 
1 : RED PATTERN 
2 : GREEN ; PATTERN 
3: GLUE PATTERN 
18: TRANSPARENT PORTION 



